Abstract : Acoustic gyrometry was developed during the past fifteen years as a new miniaturised or low-cost technology. The operation of acoustic gyrometers employs acoustic fields inside fluid-filled resonant cavities to determine angular velocities. Until now, research efforts and design methodology have concentrated both on trapezoidal miniaturised gyros (etched on silicon chips) as well as on cylindrical gyros designed using classical techniques. These approaches arc restricted to the frequency domain, which involves only the steady Coriolis effect. Nowadays, the need for a time domain solution for inertial effects on acoustic fields clearly arises when dealing with applications involving strong variations of the rotation rates. This paper aims at providing such advances in "inertial-acoustic" theory and modelling. The discussion covers cylindrical gyros because the presence of an unsteady rotational velocity gradient (with respect to the radial co-ordinate) of a gas in a cylindrical cavity adds one of the most important features both in the basic physics underlying "inertial-acoustic" transient processes and in the behaviour of the gyros.
loudspeaker (which is null at (p=~/2). These two modes Co,, and Sn,, are almost sufficient to describe a solution for the steady-state acoustic response of the rotating cavity, in the case of perfect shaped cavity.
Moreover, the Coriolis force f, can be interpreted in the wave equation as a source term given by divf,=2div(RAv)=-2R.curl v =-2R.curI v, ,
cmphasising that the only vorticity component v, of the particle velocity v is involved in the Coriolis coupling. This vorticity component is negligible except inside the viscous boundary layers, which therefore play an important role in the process. Hence, the energy transfer from the mode Cu,, to the mode St,,,, due to the Coriolis phenomena takes place only in the very thin boundary layers or, in other words, the equivalent "Coriolis sources" arc distributed only at the boundaries in such a way that the mode Sol,, is generated. The theory presented in the following sections, devoted to the description of the inertial-acoustic coupling, when strong unsteady and r-dependant variations of the rotation rates (which depend both on the time and the location in the cavity) occur, can be considered in some respect as an extension beyond the steady state "theory" briefly mentioned above (which assumed a constant rotation rate).
When the cavity is suddenly set in rotation around the (Oz) axis (the axis of the cylindrical cavity), in the absence of any acoustic source an unsteady circular flow driven by the wall is created : the fluid element acquires an azimutal velocity component rR(r,z,t) which can be expressed as a double Fourier-Bessel expansion rlR(r,z,t)=Ror I++ 2 z ~sin(~z)J~'~n;~~'e-~~nv' l 1
m=l.?... n=t,Z... nO n where flu is the asymptotic stationary and uniform angular velocity. Moreover, when an acoustic standing wave is exited within the cavity by a source (volume velocity qs), the pressure variation is a solution of a linear propagation equation which takes the following form in the bulk of the cavity, if expressed by using a moving reference frame linked to the particule :
where Y=Yco+Ya+Yce 1 for t > 0 (y = 0 fort < 0) , (9 with Y ,,=2Rxv,
The factor ycyco represents the Coriolis acceleration, yce the centripetal acceleration, ya the transient factor linked to the angular acceleration and 5 (r, z, t) the unknown particle velocity.
The predominant dissipative processes linked to the viscosity and the heat conduction of the fluid arc those which occur in the boundary layers near the walls of the cavity (the dissipative processes in the bulk of the cavity are then negligible). They are taken into account in the appropriated impedance-like boundary condition. But because the inertial factors, which represent the inertial acoustic mode coupling, depend strongly on not only the acoustic movement, but also the vorticity and the thermal movements, these components of the particle motion in the boundary layers must be explicitly taken into account when we calculate the effect of the fluid rotation on the acoustic field.
The problem must be solved in the time domain using real functions and not the associated analytic functions because of the complexity of the Hilbert Transformation of the right hand side of the propagation equation. Even if this method leads to heavier expressions to write down, it greatly simplifies all the calculations. The solution of the non-homogeneous wave equation (3) which satisfies appropriate boundary conditions, can be obtained for t 2 0 (the time interval in which the problem is considered) from the classical integral equation in the time domain. The analytical expressions of the solutions of the whole problem have been determined after some lengthy calculations. Nevertheless, some spatial integrals involving Bessel functions had to be calculated numerically as no analytical solutions were found for them.
CONCLUSION
In conclusion we only want to address new requirements that have to be taken into account in the design of acoustic gyros and that arose during the analysis presented in this paper. So far there was no "model" available to describe the response of the acoustic gyro for strong variations of the rotation rates. The design requirements, for the optimum response of the gyro, had concerned only the steady response and was mainly governed by the quality factor of the cavity which depends on the acoustic modes generated, the dimensions of the cavity, the ambient temperature, the static pressure, the specific heat ratio, the Prandtl number, and so on [ 1, 2] . Now, we can identify more design requirements for the "optimum" response of the gyro. The parameters which govern the transient responses depend strongly on both the dimensions of the cavity and the shear viscosity coefficient of the fluid (among others). These parameters permit the modification of the shape of the transient response, in such a way (for example) that the stabilisation time can be reduced.
